The pathology of a case of myeloproliferative disease in .an adult male cotton-top marmoset Saguinus oedipus oedipus is described.
The literature on spontaneous neoplasia of the haemopoietic system of non-human primates has been reviewed by Lingeman, Reed and Garner (1969) and, more recently, by Benirschke, Garner & Jones (1978) . There are a number of accounts of spontaneous lymphoma in this group (Manning & Griesemer, 1974; Terrell, Gribble & Osburn, 1980) and of virus-induced lympho-and reticuloproliferative diseases in New World monkeys (Wolfe & Deinhardt, 1978) but disorders of the myeloid system do not appear to have been documented in marmosets or tamarins (Callitrichidae). Such disorders have been described in man and several other species as reviewed recently by Brumbaugh, Stitzel, Zinkl & Feldman (1982) but they are rare and little is known about them. This paper describes the clinical findings and pathology of a single case of myeloproliferative disease in a cotton-top tamarin (Saguinus oedipus oedipus).
Case history
The animal was a 3'5-year-old, male cotton-top marmoset purchased from another colony to expand our breeding stock. On arrival the animal weighed 435 g and appeared to be in normal health, but on closer examination it was found to have a large palpable mass in the abdomen. Lymphomata presenting as palpable abdominal masses have occurred in this species following experimental inoculation with Epstein-Barr virus (EBV) (Shope, Dechairo & Miller, 1973) . Although this is not known to occur as a result of natural infection with the ubiquitous EBV, a blood sample was nevertheless taken and examined for EBV antibodies. The result was negative. The animal was kept in isolation, but showed no signs of illness until its condition deteriorated rapidly prior to its death 200 days after its arrival.
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Necropsy findings
On examination, approximately 3 h after death, the carcase showed little evidence of post-mortem autolysis. The carcase was severely wasted and all superficial lymph nodes were easily palpable. The oral cavity was unremarkable, except for enlarged, nodular tonsils, which on section were composed of homogeneous, soft, pink-white tissue. No lesions were seen in oesophagus or stomach, but throughout the small intestine, submucosal lymphoid patches were prominent and at the ileocaecal junction the lumen was obstructed by a large mass (1'5 em in diameter) of white homogeneous tissue growing from the intestinal wall. The caecum, colon and rectum were unaffected. The liver was enlarged, uniformly pale yellow-brown, and on section showed loss of normal lobular structure. The peritoneal cavity contained a small volume of pink, cloudy fluid. Mild congestion with mottling and oedema of the lungs were the only significant changes in the respiratory system, whereas all lymphoreticular tissues showed marked hypertrophy. Lymph nodes were pale, with loss of normal corticomedullary structure, and the spleen was strikingly swollen (10 cm by 3 em) with rounded borders and a homogeneous, light-red appearance on section. The bone marrow was pale. Both adrenal glands showed marked hypertrophy (1'5 cm in diameter), were firmly adherent to the cranial pole of the adjacent kidney and on section showed a wide pale cortex as well as an expanded medulla.
Histological findings Sections of stomach, small intestine and colon showed lamina propria densely infiltrated by blast cells of indeterminate origin and immature granulocytes with occasional multinucleated giant cells ( Fig. 1 ). There was extensive degeneration of mucosal epithelium and in several sections marked villous atrophy. The infiltrating cells also formed dense aggregates in the submucosal connective tissue and a thick, diffuse layer along the serosal surface. The ileocaecal mass was composed of similar cells to those infiltrating the lamina propria, but included a higher proportion of multinucleated giant cells (Fig. 2) which resembled megakaryocytes, although many appeared to be immature. In all sections of spleen, tonsil, thymus and mesenteric lymph nodes tl:1ere was extensive replacement of lymphoid tissue by the infiltrating cells. These also densely packed the sinusoids and portal triads of the liver, causing widespread hepatocellular degeneration, and were present in large numbers in the capillary beds of lung, kidney and myocardium. The adrenal cortex was heavily infiltrated by the blast cells, including many multinucleated giant cells, with only small islands of viable adrenal cortex remaining. There was extensive myelosclerosis in the bone marrow.
Electron microscope examination of the cellular infiltrate identified three predominant cell types. These were either large rounded cells with irregular or indented nuclei (Fig. 3 ), giant cells with indistinct cell borders and containing nuclei of variable size and shape (Fig. 3) , or rounded cells with lobulated nuclei and numerous intracytoplasmic membrane-bound granules (Fig. 4) . 
Immunohistochemical examinations
Sections from the paraffin-embedded ileocaecal mass were stained for Factor VIII using antihuman Factor VIII antibodies by the peroxidase-antiperoxidase method (Sternberger, Hardy, Cuculis & Howard, 1970) . The multinucleated giant cells gave weak, but positive staining.
Discussion
The dense infiltrate of blast cells in lymphoid and non-lymphoid organs suggested myeloid neoplasia, although it was not possible to identify many of the primitive cells by light or electron microscopy. However, the fortuitous cross-reaction between human and marmoset Factor VIIl helped identify many of the neoplastic cells as being either megakaryocytes or their precursors. This marker has also been used in a recent human case of megakaryocytic leukaemia (Innes, Mills & Walker, 1982) . In our case the presence of many neoplastic cells in capillary beds of several organs suggests that the disease had entered a leukaemic phase, although this could not be proved. Our findings indicate that the marmoset died of a form of myeloproliferative disease, which is a complex group of primary bone marrow dysplasias of undetermined origin, in which one or more of the blood cell lines increase in number at the expense and eventual exclusion of the others (Brumbaugh' et ai., 1982) . All forms of this disease are rare in animals, but megakaryocytic leukaemia (or myelosis) is particularly so, with no welldocumented cases reported in domestic animals (Moulton, 1977) .
The aetiology of myeloproliferative disease is in most cases obscure but retroviruses have been shown to be involved in some cases in the cat (Jarrett, Anderson, Jarrett, Laird & Stewart, 1971) and domestic poultry (Gillespie & Timoney, 1981) . Some species of the Callitrichidae are susceptible to development of lympho-or reticulo-proliferative neoplasia following experimental inoculation with oncogenic herpes viruses, including EBV (Wolfe & Deinhardt, 1978) . The lesions reported in this paper were similar macroscopically to those that have been found in tamarins following inoculations with Herpes virus saimiri and H. ateles but they were microscopically quite distinct. It was considered important to record the pathology and diagnosis of this single case of a rare form of myeloproliferative disease in a cotton-top tamarin because of its similarities in gross appearance to some virus-induced neoplasias in this species. The Callitrichidae are used for studies of viral oncogenesis and information on the pathology and incidence of spontaneous neoplasia in these species is obviously vital for evaluation of such studies.
